Interest in photodynamic therapy of malignant brain tumours has been growing in recent years as intra-operative laser applications become more available.
Photodynamic therapy (PDT) consists of the exposure of neoplastic tissue to visible light of an appropriate wavelength to activate a photosensitizer administered prior to photoillumination. The photosensitizer must have the tendency to be selectively retained by the malignant tissue and must interact with light to cause a chemically mediated destruction or sterilization of tumour cells. Hematoporphyrin derivative (HPD), an acidification product of hematoporphyrin (HP), has been the most widely studied photosensitizer. ' HP is a naturally occurring compound with a chemical structure similar to the heme moiety of hemaglobin. It does not contain iron, however. It has long been recognized that HP is concentrated in tumour tissue and mediates photochemical reactions when exposed to light. 2 Hematoporphyrin derivative (HPD) is a compound of greater tumour specificity than its parent HP. 3 HPD accumulates in tissues that have a rapid cellular turnover, reaches a maximal tissue concentration at 3 hours after administration, and remains in tumour tissue a minimum of 3 days after administration. 4 The absorption spectrum of HPD consists of much of the visible light range, from the near-ultraviolet to red, with 5 wavelength peaks. Effective activation of the HPD can be achieved by photoillumination of the HPD containing tissue with any of these 5 absorption peaks. The application of blueviolet light at (405 nm wavelength) results in HPD activation and fluorescence at relatively low levels of photic energy. When greater photic energy is applied, cytotoxic effects occur through the photochemical production of free radicals 5 ; singlet oxygen is considered the primary cytotoxic agent. 6 The longer the wavelength, the greater is the tissue penetration of light. Therefore, a wavelength that corresponds to the last absorption peak of HPD (632 nm) is used for PDT although this wavelength is less effective for the photoactivation of HPD than are the shorter wavelength peaks. 10 were the first to use PDT in the treatment of malignant brain tumours. After tumour resection they utilized intraoperative cavitary PDT administering the light with a He-Ne laser; 9 patients were treated; none received postoperative radiation therapy and their survival ranged from 6-44 weeks. No significant complications of the PDT were reported. Laws et al 4 have carried out a phase I feasibility study utilizing HPD-PDT in the treatment of recurrent malignant brain tumours. They used an argon dye pump laser coupled to a fiber optic probe inserted into the tumour by stereotactic means. No neurological complications occurred as a consequence of photoradiation therapy. More recently Laws reported 22 patients with malignant brain tumours treated at the Mayo Clinic; 2 developed wound infections and 2 had transient worsening of neurologic function."
McCulloch et al 12 have used PDT therapy in the treatment of malignant brain tumours. They treated 5 patients with metastatic disease. One patient had a postradiotherapy recurrence and survived 11 months after PDT. Two patients, who did not undergo radiotherapy, were alive after 16 and 10 months without evidence of recurrence. One patient with a malignant melanoma died two months after PDT. They treated 9 patients with malignant astrocytoma. All 9 underwent radical tumour extirpation, and PDT consisting of 5 mg/kg HPD and a total light dose of 2000-2500 Joules at a wavelength of 230-240 nm. Three of the 9 patients were alive 17-42 months after treatment. The complication rate was small.
We are reporting our experience with intraoperative PDT in 8 patients with primary malignant brain tumours using a photoilluminating device which consisted of an inflatable balloon coupled to an argon dye pump laser in order to deliver light to a tumour cavity created by radical subtotal resection.
MATERIALS AND METHODS
Patient Population: Eight patients with malignant supratentorial primary brain tumours were selected for PDT. Three patients had glioblastoma multiforme, 3 had malignant astrocytomas, one had a gliosarcoma and one a primitive neuroectodermal tumour. In 7 of the 8 cases the tumour had recurred and PDT was utilized as a component of their surgical palliation. There were 4 males and 4 females whose ages ranged from 17 to 59. Table 1 summarizes the clinical data, previous treatment and PDT parameters.
Hematoporphyrin Derivative: HPD (Photofrin I) was purchased from Photoforin Inc., Cheektowaga, New York. The HPD was administered by injection over ten minutes through an intravenous line which was infusing 5% dextrose in saline. A total dose of 150 mg was administered to each patient 24 hours prior to intraoperative photoillumination. The HPD dose ranged from 2 to 2.5 mg/kg body weight. After the administration of HPD patients were kept in a subdued light environment for 7 days and advised to avoid direct and indirect sunlight for one month. Twenty-four hours after administration of HPD the patients were taken to the operating room where a maximal tumour resection was carried out. The resulting tumour cavity was photoilluminated using an inflatable balloon coupled to an argon dye pump laser (Model 770, Copper Medical, Mountainview, California).
The balloon illuminating device 13 consists of a metal cylinder 16 cm in length and 1.6 cm in external diameter. There were three channels through the length of the cylinder, a central channel and two side channels. The central channel was used to conduct a 300 micron fiber probe which was coupled to the laser. The end of the fiber protruded into a balloon made of the cut middle finger of a surgical glove. The depth of penetration was determined by the balloon volume so that the probe tip was approximately in the centre of the balloon at the time of inflation. The balloon was inflated via one of the side channels which ran from the input ports of the cylinder to its cerebral end. The degree of balloon inflation was such as to produce a snug fit in the tumour cavity. The balloon was inflated with a 1:1000 dilution of sterile nutralipid which has been shown to be an ideal light dispersion medium.
13
Light Dose: Table 1 
RESULTS
There were no adverse photo-sensitivity skin reactions. No acute post-operative neurologic deterioration occurred in the 8 patients treated. However, 3 of the 8 underwent clinical deterioration as a consequence of tumour progression within 2 months of PDT; these patients died 55, 89 and 200 days after PDT.
Two patients developed wound infections; one of these required surgical drainage and removal of the infected bone flap and the second, whose infection was superficial, required only antibiotic therapy. Two patients, both of whom were severely hemiparetic, developed deep leg vein thrombosis and required anticoagulant therapy.
DISCUSSION
The prognosis of patients with primary malignant brain tumours treated by conventional means, including surgical resection, radiotherapy and chemotherapy remains very poor; the median survival for patients with malignant astrocytic tumours who undergo optimum therapy is approximately one year. The search for additional modes of treatment must be pursued in order to Volume 12, No. 4 -November 1985 JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES improve survival. Photodynamic therapy of malignant brain tumours has only recently been initiated and no adequate evaluation of its efficacy will be available until much greater experience has accrued.
It has been suggested that the intensity of the light dose should not exceed 30-35 J/cm 2 since toxicity has been observed at higher levels.
M In our series the light dose was escalated to 68 J/cm 2 with no acute post-operative deterioration. In part, this may be the consequence of a relatively conservative dose of HPD since the tissue effect of PDT is dependent on both light intensity and HPD concentration.
In conclusion we have demonstrated the following: 1. Intraoperative cavitary photoillumination of the brain can be performed with relative safety.
2. Intraoperative light dose administration can be measured with relative accuracy.
Further studies, both laboratory and clinical, will be needed to determine the efficacy of photodynamic therapy in the treatment of malignant brain tumours.
